Introduction
The Finite-Different Time-Domain (FDTD) method has been extensively used for the simulation of dielectric waveguide structures [1, 2] , including geometries characterized by high dielectric contrasts. However, for electrically large structures, the application of the conventional FDTD demands excessive computational resources.
To improve the FDTD efficiency in such cases, sub-gridding techniques have been proposed. Such techniques employ an a-priori defined non-uniform mesh, discretizing regions with high dielectric constants or fine geometric details with an appropriately chosen dense grid [3, 4] . A drawback of such static sub-grids is that they do not adapt to the temporally dynamic evolution of the electromagnetic field distribution in a given domain. Recently, the authors demonstrated a dynamically adaptive mesh refinement (AMR)-FDTD technique [5] - [7] , that implemented an adaptively refinable moving mesh for the purpose of microwave circuit simulations. This method performed periodic mesh regeneration, identifying regions that needed mesh refinement based on field energy criteria. Depending on the scale of the problem, up to two orders of magnitude acceleration over the conventional FDTD were shown to be achievable by AMR-FDTD.
In this paper, the application of AMR-FDTD, supporting multiple levels of resolution (that is cell sizes ∆, ∆/2, ∆/4 and so on), to optical structure problems is negotiated. Since the size of this problems is typically large, they are excellent candidate study cases for this method. Indeed, through the numerical examples presented below, the efficiency and late-time stability of the method are demonstrated.
Method
At any time during the simulation, the AMR-FDTD domain is covered by multiple meshes, comprising a mesh tree. This tree is re-created every N AM R time steps through a recursive mesh refinement procedure. There is only one level-1 mesh, which is also called the root mesh and covers the entire computational domain. Each level-(m + 1) mesh is created by refining a subset of the cells of a level-m mesh in a rectangular region. Hence, a child-parent relation is formed between the meshes.
The creation of child meshes of one parent mesh has been detailed in [7] . However, some subtleties arising upon the extension of the method to the multilevel case are worthy of further explanation. First, for each level-L, equations (7)-(9) of [7] need to be calculated, and the maximum and average operations need to be performed on all the cells belonging to level-L meshes.
Assuming that N L is the total number of levels of the mesh tree, a recursive updating function updateLevel(L, S) proceeds as follows:
1. For each mesh of level-L, update H-field.
2. For each mesh of level-L, update E-field. 
Numerical Results
As an example, a dielectric waveguide Y-junction, shown in Fig. 1 , is simulated. Two dimensional TE-wave propagation is assumed, with E z , H x , H y field components. The dielectric constant of the waveguide is 9 and the dielectric constant of the surrounding medium is 1.The computational domain is 25µm × 10µm and a 1µm thick matched absorber is used to truncate it. The excitation is imposed at 1.2µm from the edge of Port 1 and the electric field is recorded at the center of the waveguide, 2µm from the edge of Port 2. The excitation is a modulated pulse of the form: e
where f = 200 T Hz, T = 0.02ps, t 0 = 3T , W = 1µm and y 0 corresponds to the center of the waveguide. Table 1 compares the accuracy and computation time of AMR-FDTD using a root mesh of 250 × 100 and 2-4 mesh levels, to a reference FDTD simulation using a 2000 × 800 mesh and several coarser FDTD schemes. The AMR parameters (introduced in [7] ) are: θ e = 0.001, θ g = 0, θ c = 0.8, N AM R = 10, σ AM R = 2. Accuracy is quantified by employing the L 2 error metric in the time domain. All AMR-FDTD simulations use a refinement factor of 2 for their successive mesh levels. Table 1 shows that AMR-FDTD can achieve the accuracy of the reference FDTD method in a dramatically reduced computation time. Field waveforms in time, extracted by an a 4-level AMR-FDTD, employing a 250 × 100 root mesh, and the reference FDTD simulation are shown and compared in Fig.  2 , demonstrating the excellent agreement of the proposed approach to the reference data, despite its reduced numerical cost. A waveform extracted by a conventional FDTD run on the root mesh of the AMR-FDTD domain is appended, to indicate the amount of accuracy improvement, brought about by the mesh refinement. Finally, Fig. 3 shows that the multi-level AMR-FDTD is free from the late instability problems that characterize static subgridding techniques. This feature is one of the most important advantages that renders the dynamically adaptive mesh refinement the natural solution to the well-known late stability problem encountered in the context of FDTD subgridding.
Conclusion
In this paper, the application of the AMR-FDTD technique to the simulation of dielectric waveguide structures was discussed. Significant computational savings were demonstrated, in comparison the the conventional FDTD technique, while accuracy was largely preserved. This area of problems includes several large-scale applications of interest; modeling of such applications can be dramatically accelerated by employing the proposed technique. 
